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(57) Abstract: A piezoelectric substrate (1) which comprises (l-m-nXNa^x.yKxLiy {(Nb^Ta^Os} 4- m{(Ml)Zr0 3 } 4- n{M2(Nb!_ 
w Ta w ) 2 0 6 } as a primary component, wherein Ml and M2 are alkaline earth metal elements, and wherein x, y, m and n preferably 
satisfy 0.1 ^ x ^ 0.9, 0 ^ y ^ 0.1, 0 < m< 0.1, and 0 < n ^ 0.01; and a method for producing the piezoelectric substrate. The 
piezoelectric substrate can have a high Curie temperature and can generate a great displacement, and further the firing operation for 
the piezoelectric substrate can be carried out with ease. In the firing step, (Ml)Zr0 3 is first prepared and then is mixed with other 
materials. The piezoelectric substrate can be used for providing a piezoelectric porcelain which exhibits a wide range of service 
temperature, can exhibit a great displacement, can be produced through easy firing operation, and further is excellent from the view 
points of low pollution, the friendliness to the environment, and ecology. 
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m(mol) 
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£ r 
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5S£ 
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$mm i-i 


0.005 


0.31 


737 


38.2 
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mm 1-2 
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40.4 
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tt»j i-i 
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0.31 
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43.1 
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JtWJ 1-2 


0.1 


0.31 









*BMB» (Mno) fciftiFLfc^»fc^-ra«T&*. 
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tf^Ml)^ m2K7jk\^fcX^mt^tio -vP^sy^ jJSlsi/V&isXTfi/VJpJ* 

(DmfMat,m.m^^m^^y^M4M S co *Mg (oh) '4ho)s*ji 

3 2 2 

3 

&femm{m-2tmmxhz> 0 

[0071] Wb6] 

0.985(Nao.57K 0 .38Lio.05)Nb0 3 + 0.01MlZrO 3 + 0.005BaNb 2 O 6 
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Sr 


0.31 


889 


40.4 


0.100 


mmm is 


Mg 


0.31 


791 


37.2 


0.087 


mmm 1-4 


Ca 


0.31 


852 


38.0 


0.092 


MMM 1-5 


Ba 


0.31 


820 


37.9 


0.090 


j±4£m i-i 




0.31 


535 


43.1 


0.083 



}&mm (MnO) l:IIbfeifi!c^l;^t5lT^5o 

[0073] H«!jl-3-l-5^oV^-Ok, HJfe^Jl-2^|H#^bT, J:b^« £ r, MMMW. 



WO 2005/061413 



15 



PCT/JP2004/019091 



(D^^mmm i-2^xx^itmm 1-1 <D^^tm^2 \z^r 0 
[0074] m2K^istn£?i^ mmmi-3-i-5\cxn^ mmmi-2tmm^ vcmmi- 

[0075] (HJfef?!l2-l — 2-7) 

2tl^#^U-Cffi«^T-Sr^U/C 0 Hife#!|2-l-2-7-C\ ^l(D^(D|a 

j^(^7^*D(t^x*3it^y(Dfli:) ^2(D-<l3^>^-rh§U^k^-e^v ? /^^^ 

[0076] Wb7] 

(0.995-m)(Na 1 . x - y K x Li y )NbO 3 + mSrZr0 3 + 0.005BaNb 2 O 6 

[0077] [^3] 
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«**) 


€ r 


kr(%) 


5S£ 
(%) ! 


A. 

(mol) 


y 

(mol) 


m 
(mol) 


**fc#iJ2-l 


0.19 


0.05 


0.08 


0 31 




26 7 


0 0^4 




0.285 


0.05 


0.01 


\Jm.J J. 


^3fi 


34 1 


u.uoo 


^Sffij^i] 9-3 


0.285 


0.05 


0.02 


D 31 


/ uu 


34 S 

JT.J 




illJ 2-4 


0.36 


0.1 


0.01 


0.31 


1211 


33.3 


0.096 


H«j2-5 


! 0.75 


0.05 


0.03 


0.31 


620 


30.4 


0.063 




0.6 


0 


0.01 


0.31 


429 


40.6 


0.070 


^SSM2-7 


0.8 


0 


0.08 


0.31 


507 


25.5 


0.048 


3>S. 1/ J t-i J. 


0.19 


0.05 


0 


0 31 


348 




0 04-8 


JtSfe0!l2-2 


0.285 


0.05 


0 


0 31 


344 


34 8 


0 

V-' .UJii 


Jfc«0!l2-3 


0.36 


0.1 


0 


0.31 


763 


34.3 


0.080 


Jt«E0a2-4 


0.75 


0.05 


0 


0.31 


374 


32.2 


0.053 




0.6 


0 


0 


0.31 


270 


42.8 


0.058 


it 2-6 


0.8 


0 


0 


0.31 


239 


29.2 


0.040 



vmttM (MnO) SteT&So 

[0078] ^Jfe^!I^*f«it|{e^l2-l— 2-6i!bT, l2©^P^^M^I:fe-efc5 
v?/V3^^hti^^^^v \fc5 fcUfc£:£5:K*#, ftH«H»!j2-l— 2-7 i: 
m^^LTJEEmsH^Srf^KU^o ^©5^Jt^j2-l«^»!|2-l^^L, Jttfc 
m2-2Ummm2-2, 2-3fc*frJSU Jt»j2-3^^i£^|2-4^^L, Jfctfc0»|2 
-4ttl^Sfi^l2-5^JSU Jfctfc#J2-5f*|li6#j2-6fc^£U Jttfc0!l2-6H:|gJ6 
092-7 IC^HSLTV^o 
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[0079] mMM2-i— 2-7*5 j;t^Jt^J2-l— 2-6K^^Xh, MMMi-i, i-2tmWk 
[0080] m3l&L-tl£yiC, mMM2-l~2-7K£tl&, l-2kf0l&t\^ ttM 

[oo8i] m^. m<£>7tmt\.x})?-vM.$rgt?jTi>K itmnm e r, m^mmw^mi 

^m^m^±^<x^-t^^tc 0 
[0082] mmim-i, 3-2) 

^mc^tcMm^^t^x^^K^fc^t^m^. mummmi-i, 1- 
2tmmi^x)±mm^i / fm^fc.o ^<Dm. mmim-i, 3-2-e, ^^©tt 

£5, sij^^^r*«^»!li-i, i-2£iRHi&-e&tK ^^/KD^^^^b^^ 

2 5 

[0083] Mb8] 

(0.995-m)(Nao.57Ko.38Lio.05)(Nbi. z Ta z )0 3 + mSrZr0 3 + 0.005Ba(Nb 1 . w Ta w ) 2 O 6 

[0084] [^4] 
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1YLH 

UMTS* 


£ r 


(%) 


5S£ 

(%) ! 


z , w 
(mol) 


m 
(mol) 




0 


0.005 


0.31 


737 


38.2 


0.086 


1-2 


0 


0.01 


0.31 


889 


40.4 


0.100 


J 1 r 4J r ' /Kit rt -1 

wmm 3-1 


0.05 


0.005 


0.31 


912 


41.4 


0.104 


USS^I 3-2 


0.05 


0.01 


0.31 


1108 


43.6 


0.120 


J±3£0il l-i 


0 


0 


0.31 


535 


43.1 


0.083 


\mm 3-1 


0.05 


0 


0.31 


883 


42.0 


0.101 



(MnO) fcjfc*b&±j£#fc*f*-*ttT&S. 



[0085] &mmwKttirz>it®iM3-ibL>x, ^2(D^ny^^4vmmtmx^^j;v^ 

mnxttimut, mmim-i, 3-2$oxuitmm-iiz.^^xh, mmmi-i 
, i-2tmmKvx, itmnm a r, m^mm^^Mkv^xxi3kvymmcomw^ 

m l-l (Dffigkbgr \cBir 0 
[0086] m4K7jkLfc£y\Z^ MMM3-1, 3-2KXfl^ l-2tmffl^ Jfctfc 

m3-i£yhitmmm a v^xxim^m^AK^^x^^mmmhtit'o t&i, m 
[0087] Tftfrh, n2<DKmtttem6<v^mz?>?su&^t?£?K~}-tb^ z&z&m 

m&£*)±%<X%Z>Z.b&ftfroti 0 
[0088] ^MMMXte, ^2(D^m&£Tf^6<D^miZ&l1r%?>?^CD^^ML, *T 
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[0089] (MMM4-1—4-3, 5-1 — 5-13) 

^9(^Lfwm^^^^^br$^^|R5^^^6^^i-IiJ^^^»L^ 

mat, mfc=*/vuh(co o m^., mitmiFe o m^., mfc-v^imom 

3 4 2 3 

2 3 2 
2 2 

(Al O mM, mttfV&MGa O mt^WMln O fifcfltfr^ 

2 3 2 3 2 3 

if (SiO mW?A^?~VMGeO ) ^&5V (SnO m^rffl 

2 2 2 

V^Co ^5, 6K^fzMW7$(D^m^ iftfe(MnO, Co O , Fe O , NiO, 

3 4 2 3 

ZnO, Sc O , TiO , ZrO , HfO , Al O , Ga O , In O , SiO , GeO , SnO 

23 2 2 223 2323 2 2 

2 

[0090] Wb9] 

0.990(Na 0 .5 7 Ko.38Lio.05)(Nbo.95Tao.05)03 + 0.005SrZrO 3 + 0.005Ba(Nb 0 .95Ta 0 .05)2O6 
[0091] [^5] 





^ 1 

Mn <D 
(»%) 




£ r 


assist in 
(%> 


3§£ 

(%) 




(»*%) 


^SSM 3-1 


0.31 




0 


912 


41.4 


0.104 


mmm 4-1 


0.31 


Co 


0.01 


922 


43.2 


0.109 


^1 j£M 4-2 


0.31 


Co 


0.2 


944 


47.2 


0.120 


mmm 4-3 


0.31 


Co 


1 


905 


44.1 


0.110 



[0092] [^6] 
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16 1 

Mn CD 
(11%) 


% 2 


8 r 


{%) 


3§£ 

sea* 
(%) 






mmm 3-1 


0.31 




u 


912 


41.4 


0.104 


^Mffl 4-2 


0.31 


CO 


u.z 


944 


47.2 


0.120 


nifiFii 5-1 


0.31 


re 


u.z 


943 


44.5 


0.113 


ZtMM 5-2 


0.31 




U.Z 


929 


44.8 


0.113 


^mm 5-3 


0.31 




U.Z 


948 


46.1 


0.118 


*J6W 5-4 


0.31 




U.Z 


979 


45.1 


0.117 


in 5-5 


0.31 


11 


U.Z 


1117 


42.3 


0.117 


^JfeM 5-6 


0.31 


Z,r 


U.Z 


1200 


40.8 


0.117 




0.31 


TTf 
ill 


U.Z 


1060 


43.2 


0.117 


fe&SM 5-8 


0.31 


Al 


0.2 


1038 


41.2 


0.110 


H3&# [i 5-9 


0.31 


Ga 


0.2 


1116 


41.5 


0.115 


USSM 5-10 


0.31 


In 


0.2 


1055 


41.1 


0.111 


HMM 5-11 


0.31 


Si 


0,2 


1028 


40.3 


0.107 


nmm 5-12 


0.31 


Ge 


0.2 


1100 


43.4 


0.119 


5-13 


0.31 


Sn 


0.2 


1050 


42.0 


0.113 



[0093] HJf&0!l4-l— 4-3, 5-1— 5-13 ^oV^-Ob, l-2^|H#^bT, it 

[0094] ^5^^b7cJ;5^. Wi2m&ftb\^X^sVvy%mM\jzMMm4 : -l— 4-Z\z.£ti 
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[0095] mc s m6\z&uz£.5K, m2mf$fttL,xm, ^y*r;v, m&, xx^wj*, 

is, i//v=t-r>A, /n7^, T/V^^7J^, JfVVJ*, -fVv^, fr^Cm, 
[0096] fg2glJj£#£LT, #c, -s^/V, »n\ X*7>^A, 

[0097] j&*5, ±tBH»!i-e{i, mi<D-<tiy^^4hmmim, m^co^u^^^mm. 

[0099] _h!BHifi(D^*Dj;U?||Ji^|-C{*, ^^<Dm^^*s^l(?55c^^br^h 

mtvx^<th^>^^ m5<D^mb^xT/u*v±n&m7tm<7)?*><D'p 
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[oioo] je^, ifBUM^^ti^^i^^Jfe^-e^, ^^m^^i^p^.-CB'J^^' 

[oioi] tioxx* ±mmm<Dmmxn. mmmm<Dj±mm^&imz.mfxtmvtc&, m 

[0102] r^ax-^ogijtl^, ^#:*5J;U?ir^^^(Z)i£«m^-^fflV^'^ 



WO 2005/061413 23 PCT/JP2004/019091 

mmmi^u^^hmm^tm^ (Na) (k) $r&t?n 

- ^ (zr> &^&m4<D^mt, mmtfrhts:*), 

*{*10mol%^T-efc?) 
[4] fufBffi^W^tf^ 

[5] tfrfB^^^^n^X§U^b^« % 
_hlOmol%J^T<^*Qiart-e^ 
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[7] mmmmm^^tu hk, m^ti^x, ^mmmmmm^m^hiAm^ 

[8] fff§Bi"M^te, Mim&ftkVX^Jf^ (Mn) Sr. m\M (MnO) H£ 

[9] ffifBiiJ^^, mim$.$rlZ.J)UX.X, M2m!&ftb^X=is</Vh(Co), f (Fe), - 

S/^/V (Ni) , lg#ft (Zn) , X%>i?VJ» (Sc) , (Ti) , v?/V=^ ?A (Zr) , >>y7~ 

!7^(Hf), T/V^«7 A (Al), ^U^(Ga), -f ^v*XA (In) , ^r^(Si), ^>W^ 
^A(Ge)*3J:t5^X(Sn)30^J5:5^©5*>©^<^t>ia* > , BfcfB»(Co O , Fe 

3 4 2 

O , NiO, ZnO, Sc O , TiO , ZrO , HfO , Al O , Ga O , In O , SiO , G 

3 23 2 2 2232323 2 

eO , SnO ) fciftgLT, |g2giJj&#tf>1^trT\ i^^OO. 01|f i%J^_LlfCft 

2 2 

[10] tWAlNaJ^^yWOO^tfll©^, ~tt(Nb)3S£W>'*M 

mzo^m, v/va^frj* (zr) ^t*Wi4(07m&&xmmfrtt&Wi2(o^xizr* 
mimb.mm^^^^^mmim^mm^^mb^^m^m^u 
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